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AIWIRACT

Spcctrd arrosol  optical depths  and surface hcrnisphcrical
directional mftcctmrce  factors and bihcmisphm-ical rdtcctanccs  are
rctricvcd usi rrg multi-angle irnagcry  taken by the airhornc Advanced
Solid-State Army Spectroradimncter  (ASAS). l’hc retrievals were
pcrfurmcd  using algrrri[hms  being devised for use by t}lc Multi-
anglc Imaging SpcctrcrRadirm~  ctcr (MISR)  whicfl will fly on the
EOS-AM 1 spacecraft in 1998. As part of its science mission MISR
will produce global  covcragc of both aerosol amounts and surface
rcflcclion properties. ASAS imagery arc unique datascLs for usc in
tcs[ing the ctllcacy of the MISR rc[ric.vtrl algorithms

INTRODUCTION

Knowhxlgc  of aerosol charac!cristim and surface spectral rc]lcction
properties on a global basis  are cssen(iai  inpuLs to the study of
biosphrn-ic and atmospheric clinmtc proccsscs  (Chwncy  CI al., 1977;
Mint?., 1984; Dickinson, 1983). l’hc Mrrlti-angle Imaging
Spcclr~]Radi(~ll~ctcr (MISR)  i s  a  ra(iiomctrically cirlibratcd
inswumcnt,  schcdulcd for launch in 1988 on (IIC  F,OS-Ah! 1
platform, which will provide such information in a routine munncr
(l~incr CI irl., 1993). II turs nine CCD army cameras, each wi[h a
fixuf-view angk  at the surfircc ranging  bc[wccn 70.5” forward and
70.5” tif[wirrcl,  wi[h each carnerti observing in 4 spcclral bands (443,
555, 670 and 865 rim). In iL$ coarse resolution mode lIw sptilial
sumpling  of the imagery will be 1.1 km with a swa(h wid[h of about
36(I  km.

To validalc the retrieval irlgorithms which will bc used try MISR it
is ncccssary to have access to currcnt]y  available, cornpatablc,
radiomclrically  calibrated multi-angle imagery. The best such data
arc lhosc produced by the airborne Advanced Solid-S(atc  Array
Spcctroradiomc[cr  (AS AS) (Irons, et al., 1991). Contigurrus  spectral
bands cover the wavelength region 4(K)- l(KK) nm (and also the MISR
hands) and angular covemgc currently ranges bctwecrr  70” forward
to 55” aftward.  l’hc spatial resolution, however, is considcmbly
be[tcr (4 nr at a typical observing altitude of 5 km) and the co-
rcgistercd imagery at the multi-view angles is usually lCSS than 1 km
in cx[cnt,  I“hcrcforc,  for ASAS data the diffuse radiation component
of the measured radiance should bc treated as trcing spatially
invariant (pixel indcpcndcnt) over the sccnc whereas MISR dfitn,
wi[h its cwrrscr  resolution, can treat this component as hcing pixel
dcpcndcnt.  “II)c  retrieval algorithms have been coricr.1 to lmndlc both
silwrt ions.

ASAS hlULII-ANGLE  l)AIA SET

AS AS mndc a scncs of molti-ang]c  images  of Dowman 1.nkc in
Glacier National Park on 26 Fchruary  1992. 7’hc lake is a[ an
clcva[ion  of 1.25 km and the aircruf[  ftcw at an al[i[udc of 4.45 km

ASL with a heading of 235- from true north. The sun was in the west”
at a m.nith angle of 63.4” and an azimuth trrrglc of 214” from true
north. l?rus, the aircraft was flying into the sun, only about 20”
az.imulh angle off the principol plane.. l’hc 1(1 view angles wcrw 70,
60,45,30 and 15° in the forward direction, nadir, and 15, 3(J 45,55”
in the af[ward direction. l’he 559 run irnagc at forward 30” is shown
in Fig. 1. It shows the tip of icc-covcrcd  Bowman  Lake surrounded
by rr conifer forest.

Figure 1. ASAS image  of Nownmn Lake, Giacier  NP.

After co-registering the 10 view angle images at each wavelength
the resulting 256x256 pixel image set was averaged 4x4 pixels to a
firm]  64x64 pixels data set. l’hii was drrnc in order  in l)minimim co-
rcgistration  errors, 2) minimize variabtc footprint size effects at the
different view arrglcs,  and 3) incrmsc the signol-to-noi.w  ratio.
Although the data set contains 29 spectral hands, only those 4 hands
closest to the MISR bands were analyzed (ASAS 475, 559, 673, and
866 rim). lhc averaged image signal-to-noise ratio in the middle two
bands was quite good (>100)  but that in the 475 and 866 nm hands
was rnnrkcdly lCSS duc to lower detector sensitivity. The unay,craglxl

866 run band image also had an additional cuhcrcn!  noise pmblcrn
(no[iccabtc  periodic streaking) rnitigyr!cd sorncwha(  by the
avcroging proccdurc.

ltETRiIIVAL  ANALYSiS

Aerosol Rctrievai

(hm pha.sc  of the aerosol rclricval  uses n Variali(}n [~f Ilk: kchniquc
dcscritwcl hy hlar-tonchik :md Diner (1992). In Ik (]riginot vcrsi(m



I

of IIIC tcchniquc the imrrgcs were operated upon by a fast Fourier
transform (l:l;l’) to generate view-rrrrglc- dcpcndcnt powct spcc[ra as
a function of spatirrl wavenumhcr.  l’hc angular power functions of
Ihc nmr-mro wavenumhcrs then were used to construct empirical
orthogonal  functions (or principal con~poncnLs)  which dcscribcd  !hc
spatially variatrlc view-angle-dc.pendcnt surface component of the
ob.served rwfiancc. I’hcsc  empirical orthogonal functions (IK)I~s)
thcu were used to expand the surface component of tbc zero
wavcmrmbcr (image averaged) radiance when an acrosotl
aunosphcrc  model is introduced in the analysis. The best cslimate of
[Ilc acrosoI/atn~osphcre  condition at the time of the. nlcasurcnlcnLs  is
that mortcl which minimims  the residuals in the expansion
proccdorc. involving lhc EOfk. The variation of the tcchniqoc used
in this study frrrcgocs the lVTl and constructs Ihc principol
components directly from the radiances associated with the
individual pixels in the irnagc.

The second phase of the acroso] rck-icval utilizes ano[hcr,
indcpcnrtc nt, tcchniqrrc which looks for pairs of pixels which hzvc
the same (or closely similar) surface reflectance angular shafrcs but
different bihcmispherical  reflcctanccs (albedos).  If such pixel pairs
exist, the best estimate of the atn]ospherc/aerosol  condition is that
model which can readily identify these pairs. It is not cxpcctcd  that
this tcchniqoc would work for all scene types. One can expect,
however, that it would bc applicable in those situations whc.rc rtensc,
dark vegetation is in the sccnc on a sub-pixel basis  and in variable
amounts, thus darkening the reflectance of a fairly horilogcncorrs
background somewhat while still rutaining  the rcftcctmrcc  angular
shape of the hornogcncous  background. This could apply to desert
or desert-like areas where variable rrmounts  of vcgctativc scrub is
growing or to the current case in which the 4x4 pixel avrxaging
proccrforc irllows the averaged pixels to conLlin various mnounls of
vcgctirtion in those regions along the border of the lake.

‘Ile  aerosol retrieval results are shown in Fig. 2 for both techniques.
An aerosol type was assrrmcd  and only the optical depth was
retrieved. l’he aerosol was rmswncd  to bc clean-continmrtnl,
cmnposcd  mainly of water soluble sulfates and nitmtcs  and a minute
prrrt of dust (d’Almeida et al., 1991),

A S A S  Doto  - CIOCier  tJolicmol Fswk
Olo. -..  v,r.  .v,  r..  T-Tt.  .r, ..rrr,  .,.  ,-,  ..,,,,,.,,.,,,  ,,,  ,

r IL

e P.k  I*1 Cmw+m”t ●

b oi.Jl&  ● *1.<*

008 ,  ch.. - <Odk!..lol  O+,.*OI  11,0.3*1  (,..1.4)

006

i

.]

8
004

h}

1___
00?

—= —..  .-
—. —.....

J

[O C R ,  , , ,  , , ,  , , . l ,  ,, ,. U,, CI, ... .!, A?,,.  1,, ,,,  ,,,  ,1,0,,,  ,!!!1
4rm $00 Km 7W m 953

Wov,l,.  qh (W”)

Figure  2. Retrieved aerosol opticnl  depth.

Ih(h  tcchniqrrcs  give essentially the same optical dcp[h reso][s,
ahorrt ().()S at 555 nm. l’hc low optical depth re[ricvcd is consistent
wi[h the low rudianccs  observed in the darkest pixels of Ihc irnagc
.sct. Also shown is {hc spcc[ral dcpc.ndcncc of the aerosol rnrxlcl,

scaled to the retrieved optical depths in a least sqrrarts  sense,
illustrating that the assurncd model is rcasormblc. The retrievals at
866 nm show considcrahly more uncertainty than at the other
wavclcnglhs, duc to the larger  amounts of random and systematic
noise in imngcry.

Surface Retrieval

Once the atmosphcrtiacrosol  properties arc known, the surface
retrieval is accomplished in a straightforward manner. Since the
diffuse radiance at the aircraft lCVCI is spatially invariant ovrx the
image it is comprrtcd first. The tc.chniquc starL$ by averaging all the
pixels in the scene and retrieving the averaged surface-leaving
rartirrnce from the pixel-averaged view-angle- dcpcn(tcnt  mdianccs.
llrcsc  radiances rrrc dcscribcd  by a simple intcgrtil cquatiim
involving h? rncasurcd  rwtianccs, t h e  compulwt  atrnosphcri~
quantities, and the unknown averaged surface-leaving radiance. Th{
integral equation can be solved easily for the avcragc(t surface
leaving radiance by usc of an itcrat ion approach. When the avcrtrgc{
surface-lcavirrg  radiance is found, its effect at the observation lcvc
then can be computed. This radiation comploncnt plus IIN
rrtmosphcric  path radiance at the observation lCVCI make up thl
spatially invariant diffuse radiance. Ilrc  spalially variable surface
Icaving radiance (multiplied by an exponential a[mosphcrii
attcnontirm transmi[tancc) can then be con~pl~tcd  s imp ly  b!
subtracting the diffuse radiance from the nwasurcd radiances. l“hrx
sorfacc-leaving radiances arc mtioc.rt to the compukxl  surface
Icaving radiances for  an ideal  hrmbcrt surfscc to prodoc(
hemispherical-dirccticmal rcftcctance factors (I1t)Rf%).  Intcgra[iol
of these I lDREs over view angle results in bihcmisphcri(
reflcctances  (B}lR)  or albcrto.

Surface [IDRF: rcsutls arc shown in Fig S for [Iw crrnifcr forcs( am
in Fig. 4 for the icc-cuvercd lake. l’hc corresponding }][ 11{s ar,
shown in Fig. 5. A number  of similar type pixels (i.e., forest or icc
were averaged togclhcr and lhe vertical  bars indicate the range i!
variability.
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Figure 3. Retrieved I1l)RF’s for conifer  canopy. Note
the change in scale  for the 866 mn band.

The I IIJRFs  for the conifer canopy show the charrrc!crislic  bm
shape, indicative of dense vegetation (Kimcs, 198S; Kimcs et a
1985) and the spc.ctrtrl  RIIRs arc typical of dense dark vcgctatio
i.e. dark at visible wavelcrrgths  and bright in the near infrared. “1’1
III)RI;S  and 11[11<s for the icc-covcrcrl Iakc arc also typical (If SIN)
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(Salonlrmson  and Mwkrtt,  1968) and may inclicatc that snow is
ctrvc.ring lhc ice.
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Figure 4. Retrieved HDRF  for ice-covered Bowman Lake,
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Figure 5. Retrieved BHRs for canopy and lake.
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